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llethod for applying a phosphate coating and use of the 
metal parts which, have been pliosphated £n thi^ way 

The invention relates to a. method for applying- 
phosphate coatings to metallic suxfaces by means of 
wetting with an aqueous phosphating solution and 
sxLbsequent drying of the phosphating solution, as well 
as to the use of the metal parts coated in accordance 
with the invention- * " 



Phosphate coatings are used on a large scale as 
anticorrosive layers, a6 deforming aids and also as a 
primer for lacquer paints and other coatings. Above 
all when they are used as protection for a limiteti 
15 time^ in particular for storage, and then lacquer 

painted, for example, they "are described as a 
pretreatment layer before lacquer painting. If, 
however, neither a layer of lacquer nor any other type 
of organic coating is placed on the phosphate coating, 
20 treatment is spoken of instead of pretreatnient . These 

coatings are also described as conversion layers if at 
least one cation of the metallic suirface, i.e-^the 
surface of the metal part, is dissolved out an^ also 
used for the layer construction. \ 

25 

Among the coating methods, the so-called diying methods 
("no-rinse processes'^) are highly significant, in 
particular for the veiy fast coating of continuously 
moving strips of at least one metallic material. These 

3 0 strips can be sheets of small or very large width. By 

wetting with a phosphating solution and drying, a 
phosphate coating is applied to' these strips, . usually 
directly after the galvanisation, possibly, however, 
also after suitable cleaning or degreasing and after 

3 5 rinsing with water or an aqueous medium and also 

possibly .after an activation of the metallic surface. 
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Rinsing after the phosphate coating has dried could 
impair this, particularly if the phosphate coating is 
not crystalline or is only pajrtly crystalline. 

5 EP-A'O 795 356 described a method for applying 

phosphate coatings to surfaces of , zinc, iron., aluminium 
or alloys thereof by wetting with a solution containing 
nickel, raangranese and phosphate, which solution can 
preferably also contain up to 4 g/1 of 2inc ions, and 
10 drying this solution. 

EP-A-0 774 Oie teaches a method for phosphating 
surfaces of steel, zinc, aluminium or alloys of each of 
thede try means of treatment with acidic solutions 
containing sine and phosphate and drying" the solutions 
without intermediate rinsing, in which method the* 
phosphating solution which is used has a content of 
zinc ions of 2 to 25 g/l. ^2^2 ^i^h a content of only 
20 to 10 0 ppm is recommended, among others, as a 
catalyst . 

A disad-v^zitage of these methods described in these two 
publications is that the phosphate layers generated in 
this way are predominantly amorphous and usually still 
contain free phosphoric acid, and that^. therefore, in 
the subsequent wetting with an aqueous liquid^ which 
can occur, for example, as a result of spraying or 
condensation, an unintentional reaction with the free 
phosphoric acid can occur and lead to local damage, 
such as, for example, disco lour at ions, 
recrystallisations and other alterations of the 
predominantly amorphous phosphate layer, which can be a 
problem both visually and also with respect to a 
subsecjuent process step. Damage of this type, such as 
a dark streak formation, for- example, can still be 
visible even a-f ter the application of a lacquer paint _ 



20 



25 



30 
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The object of the iiaveiition is to overGome this 
disadvantage or the prior art and, in particular, to 
propose a method for applying phosphate coatings to 
metallic surfaces, in which method the subsequent 
5 contacting with an aqueous liquid or with moisture does 

xLOt cause any damage, and in which the phosphate layer 
wh.ich is fozmed has at least the same quality as that 
according to the prior art . 

10 The object is achieved with a 'trfe'thod for applying 

phosphate coatings to metallic surfaces by wetting with 
an aqueous, acidic phosphating solution and subsequent 
drying of the phosphating solution, usually without 
subsequent rinsing^ which method is characterised in 

15 that -the phosphating solution contains 

- 26 to €0 g/1 of* zinc ions, 

- 0,5 to 40 g/1 of manganese ions, and 

50 to 3-00 g/1 of phosphate ions, calculated as 

20 

A high content of sine ione promotes, in particular, 
the avoidance of free phosphoric acid in the phosphate 
layer which is generated and also promotes the-, 
crystal linity of the phosphate layer. The content of 
25 sine ions preferably amounts to 23 to 50 g/1 of zinc 

ions, particularly preferably 30 to 46 g/1/ very 
particularly preferably 32 to 46 g/1. 

In the follov/ing, in addition to such parts as metal 
3 0 strip sections and defortned and/ or lacquer painted 

portions, for example, the term motal parts also 
iiialTid.es metal st^rips. This can meaxi, in this 
connection, for exaniple, first of all a metal strip 
and, in the subsequent . section of the process, after 
35 the cutting up of the strip, metal parts in the actual 

sense, first of all strip sections and then portions. 
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In principle, & metal strip can first be pre-trsated 
and lacqui^r painted and thei^ cut, or first provided 
with, a first prs treatment coating, tlien cut, then 
provided with a second pretreatment layer and then 
5 lacquer painted. In addition, there is a series of 

further variants, which, are less frequently used, 
-however, 

A comparatively high content of taanganese ions has a 
10 positive effect on the quality _bf "the phosphate 

coating, alDovo a.11 on the adhesion of lacquer paint and 
on the corrosion resiptance of the subsequently lacquer 
painted metal parts. The content o£ manganese ions 
preferably amounts to 2.5 to 3 0 -g/1, particularly 
15 preferably 5 to 25 g/1 and very particularly preferably 

ID to 25 g/1. ' ' - 

The content of phosphate ions ^ calculated as P2O5, 
preferably amounts to 58 to 280 g/1/ very particularly 
20 preferably so to 2G0 g/1, in particular 12 to 240 g/1. 

The object is furthermore achieved with a inethpd for 
applying phosphate coatings- to metallic surfaces by 
wetting with an aqueous ^ acidic phoephating solution 
25 and s\ibsequant drying of the phosphating solution/ 

usually without rinsing, in which the phosphating 
solution contains 

- 10 to eo g/X .of sine ions, or 0 to 60 g/1 of sine 
ions in the case of sine -rich surfaces before 

30 wetting, 

- 0-5 to 40 g/1 of manganese ions, 

- 50 to 3 00 g/1 of phosphate ions^ calculated as 
P2O5 , and 

0.5 to 120 g/1 of peroxide ions, calculated as 

35 ^^2^2' and/ or 

_ 0.5 to 50 g/1 o£ polymers, copolymere and/or cross 
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polymers - 

The zinc ion eContent preferably amounts to 18 to BS 
g/1, particularly preferably 24 to 52 g/1/ very 
5 particularly preferably 28 to 46 g/l- 

Tbe manganese ion content preferably amounts to 12 to 
30 g/lr part:ic;ilarly preferably 14 to 28 g/l, 'very 
particularly preferably 15 to 26 g/l-- - 
10 The ZnrMn weig-ht ratio can var^- witliin broad limits. 

The content of phosphate ions, calculated as P2OS, 
preferably amounts to 57 to 278 g/l/ very particularly 
preferably 5S to 258 g/l, in particular 70 to 23 8 g/l. 

15 ' ?■ 

The csontent of peroxide ioELs preferably amounts to ' 1 to 
110 g/ly particularly preferably 2 to 10 0 g/l, very 
particularly preferably 5 to B5 g/l, in particular 10 
to 75 g/l* In this comiection, 0.5 g/l I?2^2 corresponds 

20 to approximately 3 80 ppm- 

The polymers, copolymers and/or croga polymers'^ axe 
preferably those of N-containing heterocyclic : 
compounds/ particularly preferably vinyl pyrrolidones . 

25 The content of these polymery, copolyraere and/or cross 

polymers in the phosphating solutioxi preferably amounts 
to 1 to 45 g/l, particularly preferably 1.5 to 42 g/l, 
very pazrticularly preferably 2 to 40 g/l and even more 
preferably 2,5 to 2€ g/l. In this connectiour 3.5 g/l 

3 0 in the phosphating solution produces a proportion in 

the phosphate layer of approximately 51 mg/m^* 

Polymers^ copolymers azid/or cross polymers of this type 
can be particularly helpful in phosphate layers which 
3 5 are used as pre-phosphatings for deforming, in order cc 

greatly reduce the so-called "powdering", namely the 
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rubbing off o£ t:he phosphate layer during the 
deforming * 

On the other hand, an addition of a polymeric alcohol 
5 c&n also be advantageous in o:rder • to form phosphoric 

acid esters with this alcohol/ in .particular upon 
drying, which have a beneficial effect as lubricants 
during deforming. At the same time, the addition of a 
polymeric alcohol can have an effect "on _ the reaction 
10 with the excess free pho^phorfQ- acid that is possibly 

present in the phosphating solution^ in order to 
improve the crystallinity and the water-resistance of 
the jihosphate coating. 

15 The phosphating solution coating can be free or 

soibstantially free of jii'clcel or up to 20 g/1 of nickel 
ions can be contained in the phosphating solution. In 
this connection r the nickel content is directed 
according to the ultimate aim of the method in 

20 accordance with the invention that is used- In a 

particularly preferred development, no nickel is added 
to the phosphating eolution; if there should then 
nevertheless be a content of nickel ions in the 
phosphating solution, this' content is usually caused by 

25 dissolving out nickel from the metallic surface of the 

metal parts to be phosphated and also, for example, 
from pipelines and bath containers / which consist of a 
nickel- containing material, or trace impurities of the 
raw materials for preparing the phosphating solutions. 

3 0 The advantage of substantially nickel -free phosphating 

solutions lies in the substantial or complete absence 
of an element wliicli is physiologically and 
environmentally hazardous - 

35 Alternatively, however, there can also be a content cf 

nickel ions in the phosphating solution, which can have 
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an advanu^geous effect on the formation and qiiality of 
the phosphate coatings which are generated. In this 
case, the content of nickel ions preferably amounts to 
0-01 to IS g/1 in the phosphating solution, 
5 particularly preferably 0.03 to 15 g/1, very 

particularly preferably 0,05 to 12 g/1, even more 
preferably o.l to 10 g/li in low-zinc methods in 
particular 0.2 to 4 g/1 or preferably 0.25 to 3 g/1 - 

10 The amount of the phosphating 'solution which is applied 

to the metal parts for drying can lie in the range from 
1 to 12 ml/m^^ preferably in the range from 1,5 to lO 
ml/m^ very particularly preferably in the range from 2 
to S tol/m^ . 

15 

A layer having a layer weight - established, on the 
precipitated and dried phosphate layer - in the range 
from 0-2 to 5 g/m^7 preferably in the range from 0-3 to 
4 g/m^, very particularly preferably in the range from 
20 0.4 to 3 g/m^. even more preferably in the range from 

0-5 to 2-5 g/m^, in particular 0 . 6 to 2 g/m^. can be 
formed with the phosphating solution. 

The phosphating aolution can be ,applied to the .,metal 
25 part by spraying, by roller application, by flooding 

and subsequent squeezing off/ by splashing and 
subsemient squeezing off or by dipping and subseofuent 
squeezing off. The application teohxiique is known. In 
principle, any way of applying the phosphating solution 
3 0 is possible; however, the above-mentioned variants of 

the application are preferred. The squeezing off 
serves to apply a defined liquid, volume in relation to 
the surface of the metal part and can also be replaced 
by alternative methods; roller application with a 
35 "Chemcoater" or a "roll-coater*^ for examcple, is 

particularly preferred. 
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The liquid film formed on the metal part with the 
phosphating solution car. be (iried on the surface of the 
metal part in the range from 20 to 120°C, in particular 
from 4 0''C, with respect to PMT temperatures, in 
5 particular at 50 to iOO°C, The drying can, for 

example r take place by blowing with hot air or by 
heatiing with infrared radiation, in which case the 
regulating, can be carried out in particular by the PMT 
method (PMT - peak metal- teinperature/ -established by 
10 measuring the temperature of the -surface of the metal 

part) - . • 

The phosphate layer formed in this way can have the 
following composition: 
15 - it can be free or eubstantially free of nickel or 

have a content of up to 10% by weight Ni, and can 

additionally contain: 

- 5 to 50% by weight 2n, 

- 1.5 to 14% by weight Mn, and 

20 - 2 0 to 70% by weight phosphate r calculated as PjOs^ 

In particular, it can contain 0*1 to 3 or 0 . 2 Jt p 2*5% 
by weight Ni . 

In particular, it can contain 10 to 45% by weight Sn, 
preferably 12 to 42% by weiight Zil, particularly 

25 preferably IG to 38% by weight 2n. 

In particular, it can contain 3.5 to 13% by weight Ifc, 
preferably 4 to 12% by weight, particularly preferably 
5 to 10% by weight, the layer quality, as a rule, being 
better with a relatively high manganese content. 

3 0 It can preferably contain 25 to ^0% by weight 

phosphate^ particularly preferably 28 to 50% by weight, 
very particularly preferably 30' to 40^ by weight. 



35 



In a particularly advantageous variant of the methods 
the metal parts to be coated, preferably in the form cf 
metal strips, are first coated in accOrd^ce with the 
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invention with a first phospliating solution bu<X 
subsegueatly, preferably as individual portions or as 
portioiis which are connected to each other by joining, 
^ch as by gluing or welding for exanple, after the 
5 drying of the first phoephating solution, they are 

wetted with a aecond, aqueous, acidic phosphating 
solution, with this second solution 

- being -free or substantially free of nickel or 
containing up to 20-g/l of nickel' ions and 

10 - 0 to 20 g/1 of zinc ions/.- 

— 0 to 5 g/1 of manganese ions, 

5 to 50 g/1 of phosphate ions, calculated as P2O5 . 

The composition of the second phosphating solution 
15 corresponds in most cases to a phosphating solution 

which is }cnown in principle", and the method for 
applying it is also usually known, this second solution 
not being dried, as a rule, While the first phosphate 
layer is preferably applied in a belt conveyor system, 

2 0 ^the second phosphate layer can, for example, be applied 

in an automobile factory or on the premises of^.an 
a^ppliance manuf acturer . 

' Before wWtting-witii the fi^st and/ or with the- second 
25 phosphating solution, the metal parts can be wetted 

with an activating solution or an activating 
suspension. The surface is provided with seed crystals 
as a result of such an activation, which favours the 
subsequent phosphating and the formation of fine- 

3 0 crystalline, dense phosphate layers. In this 

connection, an aqueous activating solution/ suspension 
with a content of colloidally distributed titanium 
phosphate can preferably be chosen. 

35 The first phosphating solution can be applied to the 

■metal part by coating with the phosphating solution. 



( ■ 
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foz- example with a roll-coater or with a similar 
roller-application device. - The techniqae of. the 
application is known in principle. 

5 The first and/ or second phospbating solution of the 

method in accordance with the invention can 
advantageously contain ions o£ aluminium/ boron, iron^ 
hafnium, molybdenum, silicon^ titanium r zirconium, 
fluoride and/or complex fluoride,- at -least one water- 

10 soluble alkaline -earth compound' and/or organic 

complexing agents such as citric acidy for example. 
Fluoride can be present in free and/or bound form, in 
particular with a content in the range from 0,01 to 5 
g/1, in particular in the range from O.02 to 3 g/1/ 

15: particularly preferably in the range from 0.05 to 2' 

g/1. In particular, the first pbosphating solution can 
contain 0,0003 to 10 g/1, preferably 0,0004 to S g/1, 
particularly preferably 0.0005 to 0.05 g/1 of copper 
ions, the second a content of 0^1 to 50 mg/1 of copper 

20 ions, in particular from 2 to 20 mg/1. The copper ions 

speed up the formation of the phosphate layer and 
promote the quality thereof. 

The first and/or second, phosphating solucion o^ the 
25 method in accordance -with the invention is preferably- 

free or substantially free of ions of lead, cadmium*, 
chromium, chloride and/or cyanide, because these 
substances are not sufficiently environmentally 
tolerable and/or impair the phosphating process and can 
3 0 also reduce the quality of the phosphate layer. 

The first and/or the second phosphating solution can, 
in particular, be adjusted in such a way that the ratio 
of the sum of the cations • to phosphate ions, calculated 
35 as P2O5. lies in the range from 1:1 to I1.8- preferably, 

this ratio lies in the range from 1:1.2 to 1:7, and 
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particularly preferably in the range from 1:1.5 to 1:S. 
In many cases, it is advantageous to work with a 
proportion of free piiosphoric acid in the phosphating 
solution in order that a reaction with the metallic 
5 surface can take place; as a result of this, metal ions 

are dissolved out of the metallic . surf ace, which metal 
ions in turn react with the unbound phosphate ions to 
form insoluble phosphate, 

10 In the first and/or eecond phdsphating solution, the A- 

value, the ratio of the free acid to the total content 
of phosphate ions, can lie in the range from 0.03 to 
0.7. This A- value range then corresponds approximately 
to the pH-value range of 4 to 1. Preferably, the pH- 

15 value lies in the range from 3 to 1.5, and very 

particularly preferably in "the range from 2.6 to 1.7. 
For the second phosphating solution, the A- value 
preferably amounts to 0.2 to 0.03. 

2 0 In order to determine the free acid, 1 ml of the 

phosphating solution is, after dilution to 
approximately 5 0 ml with distilled water, possibly with 
addition of K^^ (Co iCI^) ^) or (Fe (CN) ^©r the fjurpose 
of removing disturbing metal ions, titrated with 0,1 M 

2 5 KaOH, using dimethyl yellow as the indicator, tmtil 

change from pinJc to yellow. The amount of 0.1 M HaOH 
in ml that is used gives the value of the free acid 
{F3] in points . 

3 0 The total content of phosphate ions is determined^ 

following the establishing of the free acxd, by 
titrating the titx-ation solution^ after addition of 2 0 
ml of 30%- neutral potassium oxalate solution, with 0.1 
M NaOH against phenolphthalein as indicator until the 
35 change from colourless to red. The consumption of 0,1 

M NaOH in ml between the change with dimethyl yellow 
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and the change with, phenolphthalein corresponds to the 
total acid according to Fischer (GSF) - If this value 
i3 multiplied by 0.71, the total content of phosphate 
ions results (see W. Rauscht "Die Phosphatierung von 
5 Menallen", Eugen G. Leuze p\iblishing house 19SS, pp 300 

ff) . 

The so-called A- value is obtained by dividing the value 
of the free acid by the value of 'the "total acid 
10 according to Fischer, .- • 

The total acid (TA) is the sum of the bivalent cations 
which are contained as well as free and bonded 
phosphoric acids (the latter are phosphates) . It is 
15 deterrtiined by the consumption of 0,1 molar sodium 

•hydroxide solution using the indicator -^phenolphtihalein. 
This consumption in ml corresponds to the nuinber of 
points of the total acid. 

2 0 The first and/or the second phosphating solution can 

contain at least one catalyst. In principle, all 
catalysts can be used- Preferably^ a catalyst, such as 
a peroxide, a substance based on nitroguanidin^ or 
based on hydroxylamine, a chlorate, a nitrate, -.a 
25 perborate and/or an organic nitro coTirpound, such as p- 

nitrotoluene sulphonic acid, is contained in the 
phosphating solution- Particularly preferable in this ' 
connection is a content of ^2^2' because with this, a 
residue-free acceleration is possible, because only 

3 0 water and oxygen are left over. The first and/or the 

second phosphating solution can advantageously contain 
a peroxide admi:jcture , preferably H202r i:n a 
concentration in the range from 1 to 10 0 g/li 
preferably from 5 to 90 g/1. in particular from 10 to 
35 80 g/1. calculated as E^O^- Above all, as a result of 

the high content of E^O^, at the usually high velocities 



r r 
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in the belu conveyor systeiRr it is possible to achieve 
an accele:ration of all chemical reactions that occur in 
the wet film and during the drying within a few seconds 
and to effect a co^rresponding thorough raaction. This 
5 has a very advantageous effect on the layer ouality, 

particularly in the case of this high-zinc method - 

Advantageously, at least one compound based on formic 
aoidr succinic acid, maleic acid malonic ; acid, lactic 

10 acid, perboric acid, tartaric "ai'id, citric acid and/or 

a chemically related hydroxy carboxylic acid can be 
added in order to stabilise the bath or the concentrate 
or the supplementary solution, in particular in order 
to avoid or reduce precipitations from one of these 

15 solutions^ and also to increase the crystallinity of 

the phosphate layer, ac a result of which the water- - 
resistance of the phosphate layer is clearly improved - 
The total addition of such compounds to form a solution 
of this type can lie in the range from 0.01 to 5 g/1- 

20 The content of at least one of these compoiinds 

preferably lies in the range from 0.1 to 3 g/l:;-,. 
this connection, a content of sodium perborate, of 0,2 
to 3,5 of tartaric acid in the range from -0.2 to 

0-S g/1, or of citric acid in the range from 0^.12 to 

25 0-5 g/1 has proven itself particularly well. Even 

better results "were achieved with a combination of 0-2 
to 0,8 g/1 of podium perborate and 0.2 to 0.8 g/1 of 
tartaric acid. 

3 0 The first and/or second phosphating solution can be 

applied at a temper-atuxe in the range from- IC to 80*C- 
Preferably, in the case of the first phosphating 
solution, work is carried out at room temperature or at 
a slightly, higbex temperature; only in special cases 

3 5 are the n\etal parts and/or possibly also the . 

phosphating solution heated to a slightly raised 
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temperature^ for example in order to speed up thfe 
drvxng of the applied solut-icn. 

The first phosphating layer can remain unalter^ed during 
5 wetting vitti the second phosphating solution^ or can be 

slightly fioliibilised in the upper, region and retnain 
unaltered in its structure, axLd/or can be rentQved 
slightly by the second phosphating solution^ while an- 
additional phosphate layer can be*, precipitated from the 

XO. second phosphating solution, but - doee not have to be 

precipitated- it has emerged, however, that the 
resistance of the first phosphate layer to fluids such 
as splashed water or cleaning fluid, in particular the 
resistance to alkali, is higher the more crystalline 

15 the strncture of the layer. 

The second phosphating solution can be applied to the 
metal part by spraying, flooding or dippingx among 
others- The technique of the application is known in 
20 principle. Any way of applying the phosphating 

solution is possible; however, the aiove -mentioned 
variants of the application are preferred. 

■ ^ 

it can be' advantageouW- " to a^iply. a passivating soiutibn 
25 directly on to the first or second phosphate layer, in 

particular by spraying, dipping or rolling- In this 
connection, a rinsing solution is preferably used to 
fiirther increase, the cozxceion resistance and the 
lacquer paint adhesion, which rinsing solution can 
30 contain at least one substance based on Cr, Ti, ZXr 

and/or other rare earth elements including lanthanum or 
yttrium, tannin, ailane/siloxane, phosphorus -containing 
self -assembling molecules, phosphonates or polymers, 

35 The first axid/or second phosphate layer which has dried 

on to the metal part can be wetted with an oil, a 
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dispersion or a suspension, in particular witii a 
deforming oil or anGicorrosive oil and/or a lubricant 
such as a dry lubricant, for example witli a wax- 
containing- mixture. The oil or the lubricant is used 
5 as an additional teToporairy protection against corrosion 

and can additionally also facilitate a deforming 
procesa^ in wiiich case the defoimed metal part also has 
an increased corrosion resistance. A coating with an 
oil can also be of interest on the second, phosphate 
10 layer if the matal parts to be\-lacguer painted are to 

be transported to a lacquer painting installation which 
is further away. Preferably^ oil is not applied imtil 
after the pre-phosphating, befors the metallic 
substrate is deformed. 

15 

An oil coating- or lubricant coating which is possibly 
p3^^3^j3^-t: can be removed from or out of the first or 
second phosphate layer respectively, in order to 
prepare the coating for the lacquer painting, 

2 0 deformingx assembly, for gluing or for welding - The 

oil has to be removed for a subsequent lacquer- 
painting, while in the case of other method st'^ps it 
can be removed, \ 

25 The metal parts which have been provided with Che first 

and/or second phosphate layer can be coated with a 
lacquer paint, with another type of organic coating 
and/or with a layer of adhesive, and poeeibly deformed 
before or after a coating of this type, in which case 

3 0 the metal parts which have been coat ad in this way can 

also additionally be glued and/or welded to other metal 
parts before the lacquer painting or organic coating. 
The deforming, gluing or welding can also take place in 
the presence of an oil,- The oil is often removed with 
3 5 cleaner before the start of the second phosphating. 

The metal parts which have been provided with a first 
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and/or second ptLOsphate layer can be provided with an 
organic coaling or lacquer paint coating either before 
or not until after the deforming c-nd/or assembly. 
Today, the widest variety of organic coatings are known 
5 . and can be used on a phosphate layer. In this 

connection, not all org^ic coatings come under the 
definition of lacquer paints. 

The metal strips which have been phosphate -coated in 
10 accordance with the invention *c4n be oiled if necessary 

in a so-called belt conveyor system and possibly 
degreased and/or cleaned if necessary before they are 
siibsequently coated in a lacquer painting installation. 
For economic reasons, the removal of the oil before the 
15 gluing or welding is preferably dispensed with- 

For the production of appliance casings, for example, 
the metal parts which have been phosphate -coated in 
accordance with the invention can be oiled if reouired, 
20 cut and deformed if required or degreased and/or 

cleaned if required before they are subsequently - if 
desired - coated in a lacquer painting installation* 
They can also be cut and deformed in the lacquer 
painted state, however. 

25 

For the manufacture of automobiles, for example, the 
metal parts which have been phosphate -coated in 
accordance with the invjentidn can be oiled and 
defo2nned, in which case a plurality of metal parts can 
3 0 then be welded together^ glued together or connected in 

another way, and the assembled metal parts can then be 
degreased and/or cleaned, before they can then be 
coated in -a lacquer painting installation. 

3 5 The metal parts which have beer, coated in accordance 

with the invention, as pre-phosphated metal parts for a 
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renewed conversion treatment or for a renewed 
conversion pretreatment - in particular before the 
lacquer painting - or pretreated metal parte - in 
particular for che automobile industry - above all 
5 before the lacquer painting, or as finally phospbated 

metal parts, which are possibly also subsequently 
lacqaer painted, can be coated organically in another 
way, coated with a layer of adhesive, deformed/ 
assembled and/or welded. ■ They can be used for the 

10 production, of components or bddy p'arts or pre- assembled 

elements in the automobile industry or aircraft 
industry, in the construction industry, in the 
furniture industry, for the production of appliances 
and installations, in particular household appliances/ 

15 measuring apparatus, control devides, testing devices^ 

structural elements , casings, and also of small 
cotEiponents . 

The methods in accordance with the invention are 

2 0 outstandingly suitable for very many metallic surfaces , 

in particular for surfaces of steely- iron, aluminium, 
magnesium, zinc and alloys of each of theee, preferably 
for galvanised or alloy-galvanised surfaces^ and ensure 
a particularly high level of lacquer, paint adhesion and 
25 also high-quality protection against corrosion*' 

With the method in accordance with the invention, it is 
possible to use a completely nickel-free phoephating 
process for high phosphate- layer qualities, for example 

3 0 as a pretreatment before lacquer painting. 

In this connection, it has emeriged that the more 
crystalline the structure of the phosphate layer which 
is generated, the more insensitive it is to aqueous 
3 5 fluids, moisture and other damaging, above all 

corrosive, media. The phosphate layer in accordance. 



r 
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with tiie invention iias proven to be outstandingly 
insensitive because of its crystallinity . She 
crystallinity has been formed surprisingly excellently 
above all in th.e case of relatively high and high zinc 
5 contents in combination with, a high peroxide content. 

Even better crystallinity of the phosphate layer and 
thus an even better resistance to water and resistance 
cf this layer to alkaline cleaners, for example, has 
emerg-ed when an additional "activation -is carried out 
10 before the phosphating. \- - 

In most eases, the phosphating installations in the 
automobile indvistry are provided with weakly alkaline 
Gleaners, in some cases, however^ even with strongly 

15 alkaline cleaners. It has be^n surprising that the /; 

•f ix:^t crystalline pre-phosphating layer in accordance, 
with the invention is clearly more resi^tan.t to the 
influence of strongly alkaline cleaners. The first 
phosphate layer in accordance with the invention was 

20 not impaired or was only slightly impaired with the 

short processing times that are usually used with a 
strongly alkaline cleaner, 

A mix of different materials, such as, for example, 
25 metal parts consisting of an uncoated steel and pre- 

phosphated metal parts, can be coated simultaneously 
oide by side without problems with the method in 
accordance with the invention. 

3 0 A better protection against corrosion than according to 

the cited prior art can be achieved with pre- assembled 
or assembled metal parte with pte-phosphating in hollow 
spaces, even without applicatioii of a lacquer paint. 



35 



( ( 
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The siibj act -matter of the invention is explain&d in 
gxeater detail in the following with th.e aid of 
5 exempli fying embodiments - 

Test series A: 

Metal sheets consisting of elect rolytically galvanised 
10 steel strip and, parallel hereto, of hot-dip-galvani&ed 

steel strip were treated as follows; 
Sheet dimensions; lOS x 190 x 0.7 Tnm- 

First of all, spray cleaning took place in an alkaline 
cleaning bath, followed by three short rinses with 

15 water. After the rinsing process, ths metal sheets 

were prepared for the ajrplication, in accordance with 
the invention, of the phosphating solution by being 
dipped into a titanium-phosphate -containing activating 
solution with subsequent sgueeaing off of the liquid 

20 film. The phosphating solution was applied by means of 

a roll-Goater. After the application of the j . 
phosphating solution, the sheets were dried for 3 0 
seconds at 180°C in a furnace (PMT = SO'^C] , Tl^p 
resulting layer weight of the dried- in liquid film was 

25 1.5 g/m^. 

The treatment sequence is summarised in the following: 
cleaning: with -Gardoclean® 338, S g/1, €0"C, 10 sec 
spraying 

30 rinsing: with cold water, 10 sec dipping 

rinsing: .with cold water/ 4 sec dipping 
rinsing: witih deionised warer '(=VEW) ^ 5 sec dipping 
activating: with Gardolene® V5513, 4 g/1 in VEW, 5 sec 

dipping 

35 squeezing off; by means of squeezie roller 

roller application: phosphating solution in accordance 
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with ths invention (see Table 1) with a roll 
coater 

di-ying: in furnace at iSo'C, 3 0 seconds, PMT = SD°C, 



Table 1: composition and density of the phospiiating 
solutions in accordance v^ith the invention in g/1 and 
g/cm^ respectively r 



Example 


BX 




B3 


B4 


BS 


B6 


B7 


BS 


B9 


BIO 




226 




151 




. .228 


134^ 


13^ 


±0$ 


207 


13S 




42.0 


41.4 


59.0 


24.8 


60.0 


24.9 


25,7 


31.1 


31.4 


25.6 


Mii{g/1) 




24,7 




14.7 


252 


14,7 


15.2 


36.4 


35.6 


15-1 


Ni(g/I) 


9^ 


0 


63 


0 


0 


0 


0 


0 


5.5 


0 


polymer (g/I) 


0 


0 


0 


9.Q 


0 


13,1 


5S.5 


. 0 


0 


0 


N05(g/I) 


0 


0 


63.3 


0 


0 


- 0 


0 


0 


0 


-0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


50 


dcnaty 




1-255 


1.25S 


1.129 


1.279 


1.131 


1.169 


1.245 


1.255 


1,165 


A-valnc 


0.21 


OJl 


0^5 


0.32 


0-14 


0J2 


0^2 


0.21 


0-15 


0.32 


mtLo cstions: 


1:2.9 




1:1^ 


1:3.4 


1:2.7 


1:3.4 


1:3.4 


1:3.0 


1:2.S 


1:3.4 
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"in 1 




nil 


i>14 




a 19 


JSl t 


mil 




















1 




iyc 






17.0 


17.0 


17.0 


17.0 


18.0 


l&O 


15-0 


IS-O 


17.0 


17.0 




11.9 


IZO 


IZO 


12,0 


22.0 


22.0 


22.0 


22.0 


12.0 


12.0 


NT(g/l) 


0 


0 


6.0 


6-0 


0 


0 


6.0 


6.0 


^-0 


0 


LJKJLJ Mill! ^^gf 


1.0 


0 


1.0 


0 


1.0 


0 


LO 


0 


1.0 


1.0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




A 

V 


35 


0 


j5 


0. 


35" 


- - 0 


35 


35 


35 




1.1S7 


1.190 


1.198 


1.195 


1,202 


1,200 


1,2X3 


1,210 


1.19S 


1,190 


A-vnluo 


0.65 


0.65 


0.57 




0.52 


0.52 


0.45 


0.45 


0.57 


0.65 


razio cstions; 


1;6.7S 


1:6,7S 




1-^.66 


1:4.95 


1:4.95 


1:430 


l^JO 


1:5.70 


1:6,80 




B21 


£22 


B23 


B24 


B25 


B26 


B27 




JU7 










230 


230 


230 


283 


230 


300 


300 


IZO 






lS-0 


37.0 


37.0 


37.0 


56.7 


37.0 


40.0 


40.0 


12 




22.0 


22,0 


4O.0 


40,0 


40.0 


4O.0 


40.0 


40.O 


40.0 


8 


Ni 


^0 


0 


0 


7.7 


0 


S.l 


0 


. 0 


0 


0 


polymer fg^) 


1-0 


I.O 


0 


0 


0 


0 


S.0 


jO 


13,3 


0 




0 


0 


0 


0 


0 


0 


0 


•0 


0 


0 


H20,(s/1) 


33 


35 


60 


80 


SO 


SO 


€0 


60 


60 


25 


density 


1.211 


1.202 


.IJ260 


1.2S0 


1.2^ 




L2S5 


1.288 


1.287 


1,120 


A-value 


0.45 


0.52 


O.IS 


0.12 


O.IS 


0,13 


0.1$ 


0J2S 


0.2S 


0.61 


ratio cauons: 


1:4-30 


1:4.95 




lil72 


1;2.99 


1:2.70 


1:2.99 


1:3.75 


1:3.75 
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B31 


B32 


B33 


B34 






214 


214 


196.3 




12 


40.0 


4D.0 


37.1 




s 




23.6 


21.8 




0 


C 


0 


IS 


polymer (g/1) 


3.0 


0 


133 


6 




■ 0 


0 


0 


0 




25 


5€ 


50 




(g/an') 


1.121 


1^ 


1^42 


1^0 




0.51 


0.31 


0.31 


0.20 


ratio catibDs: 


1:6,00 


1:3J6 


1:3^6 


1:2.94 



Example 


CEl 


CUE 


CE3 


CE4 


CE5 


CE6 


CEl 


CE8 


CE9 


CEIO 






19S 


40(2 


402 


420 


4<55 


492 


420 


477 


477 






18.0 


7Sj5 


7a-5 




97.0 


^,0 


t5S,0 


6:1-0 


6t0 




12.0 


22-0 


55,3 


55.3 


78.0 


50,0 


80.0 


78.0 


80.0 


SO.O 




6.6 


6w0 




73 


5.7 


0 


10.5 




0 


0 


polymer (g/I) 


0 


0 




0 


0 


0 


0 




0 


13^ 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




0 


0 


60 


0 


SO 


SO 


SO 


66 


60 


60 


density 


1.I9S 


1.213 


1.454 


U4^ 


1.501 


1-540 




1,501 


1.540 


V540 


A-valnc 


0S7 


0.45 


0.12 


0.12 


0.11 


0.12 


0.10 


0.11 


0.20 


0.20 


ratiQ catloas; 
P,0^ 




1:4.30 


1:2-85 


1:2.85 


1:2-70 


1:2.63 


1;2.66 


I:2.SS 


1:3.38 


1;3,09 



Table 2 : layer composition in rag/m^ on electrolytically 

30 gslvanieed steel st^rip (EG) 
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Example 


Bl 


B2 


B3 


B4 


BS 


B6 


B7 


Mn 


75J2 


74.2 


45.9 


44.0 


75.6 


44.1 


45.6 


Ni 


27-6 


0.0 




0.0 


0.0 


0.0 


0.0 


Polymer 


0.0 . 


0.0 


0.0 


27.1 


0.0 


54.3 


175.4 




679 J2 


670.2 


451.8 


402.4 


683.0 


403.1 


416.6 


NO3 


0.0 


0.0 




0.0 


0.0 


0.0 


0.0 



The layer weight of the pire-pKospliating layer amounted to 
10 1.2* to 1. a g/m^; the sine content varied with the acid 
value and lay in the range from 62 to 820 rag/m^- 

Surpri singly, with increasing cation content in the ratio 
;of cations = a clear tendency to form aii inipro^ed 

15 - crystallinity of the phosphate layers resulted, >With ixx' 
improved crystallinity^ theee layers are also more 
resistant to water^ liquid cleaning com.positions and 
other :^luidS/ so that, for example, splashes o£ water 
which get on to the temporarily stored, pre-phosphated 

20 strips or strip sections do not lead to specks- and other 
markings which, in extreme cases, can remain visible 
through the subsemzently applied siibseqi-ient phosphating 
layer axid/or following latigiiei: .paint; layers. 

25 In a test series, immediately after this, the pre- 

phosphated test sheets were lacc[uer painted either only 
with a cathodic automobile dipping lacquer paint or with 
an automobile lacquer paint total struoture^ and 
produced, results in the usual automobile lacquer paint 
.30 tests, such as, for example^ cross-cut adhesion test 

after wet storage, VTJA alternating climate test etc, even 
in the case of nickel-free coatings, v/hich were equally 
as good as those in the case of the test sheets which 
were phosphated twice in accordance with the invention 

35 and aubsequently lacquer painted. 
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Apart £rom uhis^ it was suzrprising that these te^t sheets 
which were coated in accordance with the invention - even 
when they were applied in a nickel -free manner - 
delivered equally good results in comparison with a 
5 conventional tri- cation- automobile-phosphating with an 
IsriMn-modif ied low- zinc phosphauing^ because, with the 
latter phosphating, excellent results were hitherto 
achieved only with a certain nickel content - 

The pre-phosphated sheets of e'lectrolytically galvanised 
(EG) or hot -dip galvanised steel (HDG) and hot -dip alloy- 
galvanised steel with a coating based on ZnFe (Galvaneal) 
were subjected to different deforming tests. For this 
purpose approxitnately 0.5 g/m^ of a deforming oil 
typically used -in the automobile industry was applied to , 
all pre-phosphated test sheets and to the sheets which 
were not pre-phosphated (CE 2S) . 



10 



15 



r C" 
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T£ble 3: Results of the defortaing tests on pre-phosphated 
test sh.eet3 made of stsel coated in diffexent ways. 







Flat die iDult2-nibbiiig 
(coefficifiint of fiictioa) 


Maximum blank holder 


Wei^ Loss cup test 




EG 


0.135/0-056 


£3 


- 


B2S 


HDG 


0:il7/0-09S 


135 






2iiFe 


0.142/0,116' 


>lf5 '. - - • 


1.1 




BG 




*' 95 




B29 


fJDG 


0.1I3/0.U3 


>140 






ZoPe 


0.130/0,115 


>135 


03 






0.128/0.057 


136 




B32 


HDG 


0.11SA).0S3 


117 . 






ZnFe 


0.127/0.115 


4S . 


"0.2 




EG 


0.122/0.094 


90 




B34 


HDG 


0.098/0,095 


135 







ZnFes 


0.139/0,113 


55 


5.9 



In the flat die multi-rubbing test;- the coefficient of 
friction is determined and given after 1 and ip 
20 operations - The lower the coefficient of friction in 
each ca^e, the better the results, Ixi this vay/ the 
slide-facilitating properties of the prs-phosphating 
layer are xeprodnced. 

25 In the ma^:ii!miu blank holder force test, the force in kN 

required in order to achieve only the necessary flowing 
of the material of the sheety in the case of gripping 
from both sides, laterally around a die acting from 
aboTe, which die generates a cup-shaped indentation, 

30 without the sheet tearing in this connection, is 

established. The higher the forces applied in this 
connection without tears occurring, the better the 
results. ■ 
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In the weight- l03S cup test, the weight loss during j 
deforming is determined^ with it being possible for both j 
the pre-phosphating layer and the Galvaneal coating to be j 
removed. A hold-down force of 10 kN, a diameter of ' 
5 impression of 50 mm and a die diameter of 90 inm were : 
used,- the die not being pressed through the pre- 
phosphated sheet and no tears being created- The weight 
o£ the test portions before and after the deforming was 
determined and the weight loss was indicated in g/m'^r 
10 which weight loss should be as' , -low as possible - 

The aim of these tests was for the deforming capacity of 
the pre-phospha wings in accordance with the invention to 
lie at least in the same order of magnitude as the 
15 comparable nickel-containing .prs-phosphatings - The * 

values, of whe nickel-free samples with a Galvaneal layer 

are clearly better than those of the nickel-containing 

samples with a. Galvaneal layer and clearly better than ■ 

those of the samples which were not pre-phosphated, | 

20 ; 

Test- series B ^ C and_D_:_ ;: . 

I 

Test series B and C were carried out on electrolytically 
galvanised steel strips or steel sheets, and test series 
25 D was carried out on * . . alunLLnixam • - - - The following 
com"Dositions of the phosphating baths were used for pre- 
phosphating and subseqxient phosphating. 
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Table 4: Coinpositions of ziie phosphating solutions 1 to 5 
with content data in g/1: 



5 


phosp hating 
solution/ g/1 


1 

pre- 
phosphati 
na 


2 

pxe- 
phosphat 
ina 


3 

pre- 
pho^phat 
' inc 


4 

suhseque 
nt 

p^osph3.t 
ing 


5 

aubseqne 
nt 

^]!lo sp £is.t 
ing 




an 


57.1 


39,0 


1.57 


1.40 


0-00 




Mn 


21.8 


39.0. 


*.__1.93 - 




o.ao 




Hi 


7,93 




1.25 


0-90 


0,80 . 






156,3 


300 


13. S 


14,0* 


12.0 


10 


H2O2 


43.5* 


30.0 


- 


- 


- 




WO3 






7,00 


5. 00 


3.00 










0.1 


0,1 


0.1 












1.30 


1.00 




F free 








o.ia* 


0.03 


15 


free acid 


2.6 


6.1 




2.1* 


1,9 




total acid 


20*0 


5$-3 


29.3 




27 . 1 




to1:al acid 
aCGOtding to 
Fischer 


13.2 


19,0 


15.0 


15 . 7 * 

^- 

V 


16. 5 


20 




0.20 


0,32 


0. 15 




0.11 



insofar anothei: value not indicated in the individual experiment 



In test series B (B* 35 or CE 35), a poxuion of the 
25 electroiytically galvanised steel strip, in each case 
after treatment with a titanium-containing activating 
solution in a separate bath^ was prerphosphated with the 
pre-phosphating solution 1 on a roli-coater in the no- 
rinse method. In this connection*/ a layer weight of the 
30 pre-phosphating lay*r of more or less ejiactly 1-5 g/Tc? was 
achieved. The pre-phosphating layer had an excellent 
crystallinity and resistance to water and other liquids, 
so that no speckling^ for example because of splashed 
water, which wets the phosphating layer ^ absorbs 
35 dissolved constituents and then dries, can occur. 
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After this, the pce-phosphated strips {B 35) or the 
5trip3 -»vhi ch had not been pre-phosphatsd (CE 35) were cut 
up and the ^sheets which were obtained were treated with a 
titaaium-containing activating solution and then 
5 phosphtted for a second time with the phosphating 

solution 4- The sheets which were not pre-phosphated had 
a layer weight of the subsequent phosphating lay^'r of 
approximately 3,0 g/m^, while the pre-phosphated sheets 
had a layer weight of only approximately 2*3 g/ia^. The 

10 pre-phosphating layer surprisingly led only to the 
formation of a subsequent phosphating layer which is 
coiELparatively thin but ox substantially equally high 
quality because of the good crystallinity and resistance, 
in which ca^e the layer thickness of the second 

15 . phosphating layer was sufficient and in this connection 
it was even possible to itiake a saving on chemicals. 

Subsequently^ in an automobile production line, first of 
all a ECTL lacquer paint coating of a BAST lacquer paint 
20 and then a filler and covering lacquer paint coating with 
a lacquer paint systera corresponding to VW Hosel was 
applied. The tests carried out on these lacquer painted 
sheets produced the following results. 
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Table 5: Results of the ar::ticorrosive and lacquer paint 
adhesien tests in test series B (* condensed moisture - 
constant climate test over 240 hours according to DIN 
5 50017 KK) : 





corrosion: 
12 months' 

weathering 
VDA 621- 
414 


lacquer paint adhesion: 
chipping acaording to VW 
specificaticri; 12 rounds 
salt-spray - conden^atiori 
wc-t^T" 'alternating test- 
according to-TOA 621-415 


lacquer paint 
adhesion: cross- 
cut according to 

DtN EN ISO 2405 




infiltrati 
on 


infiltra 
tion 


lacquer paint 
chipplngs 


grade of the 
chippings 




ran. 


zma 


grade 


ft area 


start 


KK 

test* 


B 35 


U < 1 


0 1.8 


1.0 




Gt. 1 


Gt 2-- 


CE 35 


< .1 


0 1.5 . 


1-0 


0,5 


Gt 1 


c^t 2" ■ 



In this connection, values of the infiltration up to u 
2.5 miiL^ of the lacquer paint chippings up to 10% and the 
czioss-cut grading up to Gt 2 can be regarded as 
15 sufficiently good. 

The sheets which were pre-phosphated and phosp^iated for a 
second time in accordance with the invention achieved 
substantially the same high quality as -the sheets which 

20 wore not pre-phosphated and only subsequently phosphated. 
Apart from this, tv/o assembly groups were produced, one 
of which had only pre-phosphate and lacquer paint layers 
and the other had only, suibsequently phosphated and 
lacquer paint layers; the asserably group which was only 

25 pre-phosphated and lacquer painted produced corrosion 
reaults and lacquer paint adhesion results of at least 
equal value to the assembly group which was only 
subsequently phosphated and lacquer painted. In this 
way;- it was possible to show that the sheets vrhich were 

30 pre-phosphated in accordance with the invention and 

possibly th^n additionally phosphated for a second time 
and lacquer pain-ced take full account of the conditions 
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of the automobile industry. It is therefore also 
possible to subsequently phosphate and to lacquer paint 
composites of portions in which some but not all of the 
portions in the cos:iposite have been pre-phosphated* 

5 

In test series all test strips. (E 36 * B 43, CE 36) 
apart from one test strip (CS 37) were pre-phosphated in 
accordance with the invention on a roll-coater in the no- 
rinse method. CE 37 on the other ^ harid* was pre-phosphated 

10 in the conventional spraying method. With the low cation 
contents as selected in CE 37, it was not to be possible 
in the case of a roller application and the short wetting 
tiines of the no-rinse method to generate sufficiently 
thick coatings. In the case of B 40 and CE 37, the test 

15 'Strips were treated before the pre-phosphating with a 

titanium-cant aining activating solution. In the case of 
B 36 to B 41, the phosphating solution 1 was used for the 
pre-phosphating/ and in the case of B 42 and B 43, the 
phosphating solution 2 was used, without peroxide content 

20 or with different levels of peroxide content- All of the 
sheets were then re-activated with the titaniiom-based 
. activation which had already been used in some. caseSx and 
treated with the subsequent .phosphating solution 5, in 
order to form a second phosphating layex- 



25 
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Tablts 6: Conditions and results of the pra-phosphating or 
subsequent phosphating in test series 







onal 

activa 

tion 


phosph. 
soluticn 


in 

hath 


phospfcat 

ing 
layer 


e 

grain 
in pm 


layer weight 
in g/tci^ ir- 
es-Ch. ca^e only 
of one 
phosphate 
layer 


5 






see Tab. 
4 


g/1 - 


quality - 


pre- 


pre- 
ph. 


siibs » 
ph- 




CE 36 














' 3.7 




Q 3^ 




1 


0 


A 


- 


1-7 


3-2 




B 37 




1 


0 


A 




1.4 


3.3 




B 38 






30 


B 






3.7_ 


10 


B 39 




1 


50 


C 






3,5 - 




3 40 


Ti 


1 


50 


C 


approx 
5 


1.4 


3.3 




B 41 




1 


BO 


c 


5-10 


0.9 


4,2 




B 42 




2 


0 


A 


5 " 10 


1.1 


3,3 




B 43 




2 


50 


C 


S - -0 


0.9 


4.3 


15 


CE 37 


Ti 


3 


0 


c 


appi:o:s: 
5 


1- 


3-6 



Quality of the pre-phosphating layer: ' A 

amorphous^ not water-resistant 3 
partially crystalline^ £uliy water-resistant C very 
20 crystalline and water-resistant, resistant to liquids 

In this connection, it emerged that the crystallinity of 
the pre-phosphating layer in the case of a high sine 
content depends suhstsntially on a sufficient content of 

25 peroxide in the phosphating solution. In this test 
series, it emerged that the layer weight in the pre- 
phosphating layer rose more strongly if a treatment with 
an ac-ivating solution was carried out bef or<2jhandj- and 
that a slightly lower layer weight of the subsequent 

30 phosphating layer than otherwise was then formed'. 
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The sheet:s coated in this way vere coated in an 
automobile production line with a lead-containing KVL 
lacquer paint coating PPG 742-962/G5,. but not with 
further lacquer paint layers. Corrosion resistance and 
5' lacquer paint adhesion were determined on these sheets. 



Table 7: results Of the corrosion tests and lacquer paint 
adhesion tests of test series C: 



15 





lacquer paint adhesion: cross-cTit 
according to b«for« and aft^r iO 
hours in 5% JCaCl solution at 40°C 


"Tcorroaion: 10 weeJcs; 
Ford soaJct test 
a-ccoirdiiig to 31 123" 
01 




cross -cti-b grade according ro Dll3 £n 
ISO 2409 


inf±J.ti:a.tion in inm 




at 3tfi.rT 


aftsr 40 hours 


mea^Vir^t:! on. on? side 


CE 36 


Gt 0 


Gt 1 


U 1.5 


B 3$ 


Gt 0 


Ot X 


D l.O - 1-5 


B 37 


Gt 0 


Gt 1 


U 1-5 


B 38 


Gt 1 


Gt 1 


U 1-5 


B 3S 


Gt 1 


Gt 1 


U 1.0 - 1.5 


B 40 


Gt 1 


Gt 1 


U i-.O - 1.5 


6 41 


Ot 0 


Gti 0 - 1 


D i.O - 1,5 


B 42 


Gt 0 


Gt 1 


U 1.5 


B 43 


Gt 0 


Gt 1 


U 1.5 - 1.8 


CE 37 


Gt 0 


Gt 1 


U 1.5 



In this connection^ infiltration values up to U 2.5 mm 
■and of the cross-cut grade up to Gt 2 can be regarded as 
sufficiently good. 



i/?hile an optimum H^O^ content of approximately 40 to 70 
g/1 resulted for the crystallinity and resistance of the 
pre-phosphating layer, slightly better results for the 
lacquer paint adhesion emerged with 80 g/i,r however. In 
30 all, the no-rinse exar!:rples in accordance with the 

inT7ention proved to be of at least equal value to the 
con-ventional spray pre^phosphating method of CE 37, 



( {" ■ 
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In test sisriefi D , sheets of al-omlniiim 5754 and of iLA 
6016 were pre-pho^pheted in the no-ri nss iiie*thod with the 
pre-phosphating solution 1, but withouz; the addition of 
H2O2- In this connection^- the layer weights were varied 
5 systematically and apart from this, in each case, one 
portion of the sheets was oiled, .After this, deforming 
tests were carried out. In this connection/ it emerged 
that the cold foopjLng of the sheets which were pre- 
phosphated and not oiled- sfill had a certain friction 

10 which corresponded to the friction which resnlted when 
sheets vhich had- been coated with a Zr-containing 
pickling system, used as a standard quality, and 
siobsequently coated wiT^h oil^ were deformed. Clearly 
better deforming results emerged, however, in the case of 

15 sheets which were pre-phosphated and oiTed. Parallel to 
this, the strength of an adhesive connection was tested: 
th.e strength of the glued pre-phcsphaned sheets lay in a 
comparable order of magnitude to that of the pickled- 
sheets 

20 

The pre-phosphated or pickled sheets were then:; 
subsequently phosphated with the phosphating solution 4^ 
but with 18.2 g/1 P2^5'' with 0-23 g/1 free fluotide and 
with almost the same acid values as in Table 4/^ then 

25 rinsed with a rinsing solution based on zirconium 
fluoride and coated with a cathodic dipping lacquer 
paint. The pre-phosphated sheets displayed a corrosion 
and lacquer paint adhesion result that was no worse than 
that of the sheets which were pickled to start with^ 

30 which represent a standard quality. Parallel to this, 
further sheets of this type were additionally provided 
with a filler and covering lacquer paint for a total 
automobile lacquer paint structure and tes-ced parallel to 
this- In all cases, a coating was carried out in each 

35 case without oil and with oil, or with an acrylate-based 
dry lubricant commercially available for use on 
automobiles and specially optimised for this purpose and 
additionally with oil/ before, in all cases, subsequent 



r 
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phosphating and lacg-aer painting was carried out - 
possibly after a heat treaticien-c for 30 minutes at 205*C, 
as sometliaes usual in the sutomobile -.field . All pre- 
phosphated variants displayed an equally good or, as an 
5 exception, an even slightly better result than the sheets 
which were pickled to start with [Table 8) . 



f f 
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Table 8: test results for the pre^phosphated and 
subsequently phosphated and also lacqxier painted sheets 
of series D made of aluminium alloys AA 6016, in 
5 comparison with sheets which were initially pickled and 
then phosphatad and also lacquer painted, 

j 
I 



10 


Examp 1 e / compajra t i ve 
example 


CE44 


B4'4 


B45 ■ 


345 ■ 


CE47 


B47 


B48 


B4SI 




subseqxient 

phosphating solution 
oz- Zx-^contsining 
picJcie 


pioJc 

le 


1 


1 


1 


pick 
le 


1 


1 


1 


15 


layer weight of t^ie 
fir^ coating ixi 


2-8 

Zr 


130 

0 


130 

0 


130 
0 


2-S 

as 
Zr 


130 

■0 ' 


130 
0 


130 

0 ^- 




oil application 


yes 


yes . 


yes 


no 


yes 


yes 


yes 


no 


20 


dry 1 abr i ca^nt 
applicatioi; 


no 


yes 


no 


no 


no 


yes 


no 


no 




heat treatment 30 
mins 205°C 








yes 








yes 


25 


layer weigh. t o£ the 
pinospnating with 
^olutiont 4 in g/in^ 




3,3 


3.3_ 


3.3 


3. S 




5-3 


3.3 




. KTL lacquer paiiit . 


yes ' 


yes 


yes 


■yes 


yes 


yes 


= yes 


yes 




H'iller- and ccveriTig 
lacquer paint 










yes 


ye-st 


ye? 


yes 


30 


Lockheed test 
according to DTK EN 
3665: infiltration in 
mm 


i/s 




1.8 












35 


1 S^ear f^ree 
weathering according 
to VDA S21-414: 
infiltration ia rnm 










U 0 


U 0 


0 0 


U 0 




Cross-cut gjcade 
according to DIK 2H 

ISO 24 09: 9t&rt 


Gt 0 


Gt 

0 


0 


Gt 

0 


Gt 1 


Gt 
1 


Gt 

1 


Gt 
0 



Received 10/29/2001 08:54 in Zk..-* on line [2] for NYPITBOWES Printed 10/31/... I 13:30 * Pg 83/90 

29.CKT. 20C' 15:'8 CN PATENTABTEi.LNG 'J I 895 3. 83/ 



ditto; after 240 


Gt 0 


Gt 


Gt 


Gt 


Gt 1 


Gt 


Gt 


Gt 


hours condensed 




0 


0 


0 




1 




1 


moisture - constant 


















clijtaate te^t 


















according to DIN 


















50017 KK 



















